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SUBSTITUTES FOR NONFERROUS METALS IN USSR

@he following excerpts from an article, "Developing the Pro-
duction of Substitutes for Nonferrous Metals,” by Docent I. Kinov,
Candidate of Technical Sciences, in the monthly periodical Zea

Ekonomiyu Materialov (For the Conservation of Materials), NG b,
April 1953.7

During the postwar years,
ress in manufacturing nonmetalli
These materials serve in many ca.
and in other cages as protection

the Soviet Union has achieved considerable prog-
¢ chemically stable materials op an organic base.
ses as feasible substitutes for nonferrous metals
against corrosion for ferrous metals.

An especially urgent problem is the replacement of lead, which, being
practically the only acid-resisting metal, is widely applied in the machine-
building, metallurgical ) baper-making, petroleun, and other branches of the na-

tlonal economy. 1In rarticular, lead consumption is high in the chemical industry
and related productions. :

The appearance in the last 2-3 years of new materials » such as polyiso-
butylene, asbovinyl, and graphite, and the wider application of a comparatively

0ld material, viniplast, all used as lead substitutes, have promoted considerable
conservation of lead.

One of the most valuable lead substitutes is polyisobutylene, which is a
rubber like material. Products made on the bane of polyisobutylencs are used ag
anticorrosive protection asnd for facing metal, concrete » and wooden equ.yaent.

Polyisobutylene is also used as interlaying materisl in lining apparatus
with silicate tiles to create an impervious layer. Applicaticn of polyisobutylene
also has the purpose of eliminating deformations which usually occur in linings
25 n result of the difference in the expansion coefficients of metal and silicate
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The basic Principles of obtaining Polylsobutylenes were develo d in the |
Soviet Union by S. V. Lebedev and his students in the 1930s. Using gfxe ideas i
and experience of Rugsian sclentistsg » other countries have organized industrial
Production of Polyisobutylenes, known under the trade names of "oppamoi” in
Germany and "vistanex" in the Us., .

Polyisobutylenes differ from each other by their molecular weight. Their
gumlike properties appear only at molecular weights of 50,000 and higher.
Polyisobutylenes with low molecular weight are viscous oillike liquids.

. Principaliy, high-molecular polyisobutylenes of the P-100 and P-200 types,
J i.e., with molecular weliglits of 100,000 and 200,000, are produced in the USSR on
: an industrial scale. Tre polymerization of isobutylene for obta.ining & high-
molecular product ig carried out at a temperature of about minus 100° ¢ in the
Dresence of a catalyst, Commercial Polyisobutylene in sheet form, usually con-
taining various admixtures, such as graphite, lampblack, asbestos, and tale, is
rade on machines used in the rubber industry. Polyisobutylene for lining is pro-
- duced under the name PS(}200 as 0.8- x 5. sheets of 2- to 3~mm thickness.

The major advantages of polyisobutylenes, as compared with rubbers , are
the lack of a need for vulcanization and high resistance to aging with retention
of elasticity in the temperature range from minuc 55 to 60°., The physicomechanical
Properties of Polyisobutylene of PSGpng grade are as follows: tensile strength,
145-65 kg/sq cm; relative elongaticn, 75-550%; specific gravity, 1.32; Shore
hardness, 67; pPlasticity, 0.09; ang recovery value, 0,17 mm.

Polyisobutylene is soluble in aromatic solvents, mineral oils » yaraffin, ;
chloroform, and some other organic solvents. It is stable in mineral acids, f
alkalies, and other active medfis, Hitric acid has no effect on it at room tem-
perature. In particular » Polyisobutylene is stable in hydrochloric acid of high ;
concentration, in sulfuric acid up to 70%, in acetic acid of various cencentra-
tions, in solutions of salts, in gaseous media, and in e number of organic com-
pounds.

Tt is essential to notice that polyisobutylene, like viniplast, is weldable :
at 150-200° C. The strength of a welded joint amounts £0.70-80% base-paterial i
strength. In contrast to viniplast, polyisobutylene may be welded without a .
velding rod. i

Homogeneous joints of Polylsobutylene sheets are also ohteinable in the ;
cold state by sub jecting an overlapping Jjoint to the proper pressure. However,
this method is ineffective because of low productivity and difficulties of form-
ing vertical irregular joints. :

C So-called "cold flow," i.e., deformation of material under leoad, is a de-~

L ficlency of polyisobutylene. In cases where mechanical loading takes place, the
: protection of Polyisobutylene with silicate tiles is recommended. Thus, the
application of polyisobutylene as an independent supporting structural member
is excluded.. A similar protective facing is required when polyisobutylene is

exposed to a temperature above 60°. Polyisobutylene is attached to netal, wood,

or concrete by means of various glues. The adhesive strength amounts to 25 ;

kg/sq em for metal, 16 kg/sq em for concrete, and 15 kg/sq em for wood. ;

Polyisobutylene is now in use as lining material for containers » apparatus,
pripes, and various equipment at a number of establishments ; and is showing good
results. A column 12 n high and 3 m in diameter, installed at a steam-electric
pover plant, is one of the largest structures for which Dolyisobutylene has been
used as a substitute for lead.
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Asbovinyl is another essential substitute for a number of nonferrous [
metals., It is g Plastic mass obtained by mixing pulverized acid-resistant |
asbestos with a binding substance ; knovn in industry under the name of lac- '
ethenol. The binder, being & production vaste material, is a solution of high-
polymer acetylene derivatives of 40-50% concentration. As long ago as 1938,

Engineer I, P. Shabodalov suggested asbovinyl as a substitute for nonferrous :
ge;:als » but wide application of this material has occurred only during the last '
-3 years. :

Asbovinyl is usually applied to the surface to be protected by the ordinary
rargeting method end shows 5 upon setting, considerable adhesion with a coated
surface. In its physicomechanical Properties, the asbovinyl product is close
to a generally known Plastic material -- faolite -- but has & number of ad-
vantages over faolite or viniplast., The asbovinyl mass may be used as a lining
for metal, concrete, ceramic and other materials, while the faolite mass has a
low adhesive property.

The asbovinyl product may also be used in the fabrication of Pipes, cocks,
rectifying tovwer plates , end other similar articles. Asbovinyl possesses acid-
resistant as well as alkali-resistant properties , depending on the type of as-

i ' bestos used, and is a suitable material for low temperatures in the range between
3 minus 40 and minus 50°. The asbovinyl product may be cured at room temperature
or higher. Its manufacture requires no expensive or scarce raw materials and,
in addition, preparation and applicetion of lining material requires no special
equipment .

The following are the physicorechanicul properties or asbovinyl: specific |
gravity, 1.5-1.6; water absorption, 0.5-1.0%; tensile strength, 150-200 kg/sq cm;
compressive strength, 150-300 kg/sq em; bending strength, 250-300 kg per 5Q cm;
hardness, 18-25 kg per sq mm; heat conductivity, 0.11 cal/m/hr © ¢; resistance
to frost, up to minus 50o C; adhesiveness, 20-25 kg/sq cm; coefficient of linear
expansion is low. .

The composition of asbovinyl depends on its purpose. The ratio between
binder and asbestos is of the order 1:1.3-1.5.

The asbovinyl paste is applied on & surface to be covered in the form of a
three-layer coating 10-12 mm think. Each coat should not excesd 3-4 mm in thick-
ness. Curing is done by heating in a special chamber to 1200, Coatings on large
Dieces, which cannot be placed into a drying chamber, are cured in the open at a
temperature of 15-20° for 30 days. To decrease the reriod of drying, a lining
may be heated with hot alyr obtained by any method. Lien equipment with Jacketao
or coils is lined, heating may be performed through the jackets with %the aid of
hot water and steam.

Since 1950, asbovinyl materials have been videly used not only for lining
various equipment in the cellulose-paper industry, but also as substitutes for
nonferrous metals -- chiefly lead -- in chemical, petrolewn, and other branches
of industry.

The fields of application of asbovinyl are Jdefinad by its durability in
nonoxidizing mineral acids, in solutions of salts, in certain organic acids and :
solvents, in gases, and in veak solutions of alkalis, including, for example,
hydrochloric acid up to 30% concentration, sulfuric acid up to T5%, bleachirng; !
powder, chlorcbenzene, solution of caustic soda up to 30%, glacial acctic acid N
cte. It should be remembered that asbovinyl deteriorates in nitric acid, hylregen
peroxide, and other oxidizing media. Asbovinyl may be used at temperature: up

0
to 110-120".
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A comparatively long experience in orerating equipment 1ined with esbovinyl B
Particularly in the sulfite-cellulose and paper industry, has shown that in
nunerous cases thig material ig a very effective and soupd substitute for lead
and other critical materials.

Among the

t0 be menticned.

" the form of lining
Soviet Union becaus
of desipners and te

substitutes for- nonferrous metals,

Its upplication as an indepéndent structural material or in
tiles for metal, has not yet been

developed properly in the
e of the novelty of this material and insufficient femiliarity
chnologists with its proporties.

impregneted graphite deserves

Impregnated graphite 15 one or the rs4 bromising materials in anticorrosive
Dractice. Together vith extremnly high inc-fness towara the majority of active
substances and the Dos3ibility of its use nat hirzh temperatures > depending on the
nature of the impregnating agent, groaphite hes o number of other essential prop-
erties. The high thermal eonduction of ;

srephite is one of its most valuable
Qualities, Permitting its use inp the fabrication of heat exchange equipment.,
ot eroded at high temperatures even by
sphoric acid, oy alkali hydroxides, hydro-

fluoriec. acid, ete. It ig subject to erosion only by strong oxidizers.

The application of impregnated graphite is restrictea by its porosity,
Since various synthetic resins recently used for the elinmination of porosity

by impregnation do not withstand temperatures higher than 150—2000. The impreg-
nation of grephite with solutions of mineral salts would Permit its application
ot higher temperatures » but experiments in this respect have not yet given
bositive results.

Graphite. 1s now
& lesser extent, with
articles is usually
vacuum pump.

impregnated mainly with vhenol-formaldeh
organosilicon compounds.
perfomed in an autoclave co

yde resin and, to
The impregnation of graphite
nnected with a conpressor and

3y tlternating pressure and rarefaction in
decrease graphite porosity from an initial 30-40% to 10-15%. The mechenical
strength of impregnated graphlte iz considerably higher than that of grephite
without impregnation. Graphite products , impregnated with phenol-fornaldehyde

resin, are subjected to heat treatment by a process generally adopted for the
pPolymerization and curing of these resins.

an eutoclave, it is possiblz to

The following table gives

technical characteristics for graphites of two
plants before and after impregna

tion with phenol -formalidehyde resin:

Plant 1 Plant 2
Before After Qafore After

Specific gravity, gfeu em 2.25 2,07 2.27 2.03 :
Volume weight, kg/cu dm 1.57 1.85 1.38 R

Porosity, ¢ 30.2 - 353 1.9 ‘
Tensile strength, kg/eq en 70 180 o7 m

Compressive strength, ki/sq cn 260 1,850 2k 78

Heat conductivity at normal

‘temperatwr2, cal/in/hr /O ¢ - - ah 57
Thickness of impregnated layer - 8 - 20

DPoralssible temperature of o

application, © ¢ - 180 - 100
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Apparatus and parts, fabricated out of Impregnated graphite, are being
assembled by gluing with phenol -formaldehyd. adhesives and vith various ¢glues,
The adhesiveness of these gluing materials with impregnated graphite amounts
to 25-30 kg/sq cm.

Threaded joints are also applicable for graphite parts. Impregnated graphite
may be machined on metal-cutting machine tools. At present, some Plants use im-
bregnated graphite in the form of lining tiles or parts of chemical equipment .

Viriplast is the oldast of the structural materials used in the Soviet Union
during the postwar period as substitutes for nonferrous metals. Its application
in the chemical industry was initiated in 19k5 - 1946,

Although the properties of viniplast and the conditions for its application
have been described in technical literature in sufficient detail, new data on

It is generelly known that ‘the wide application of viniplast is attributed
to its valuable properties, including high chemical stability, weldability,
thermoplasticity, and mechinebility. The negative propertiec of viniplast in-
clude inadequate thermal stability, brittleness at temperatures lower then
uinus 20°, high coefficient of linear expansion, warping at sharp changes in
temperature, ete.

Viniplast is practically resistant to the action of almost all mineral and
organic acids, solutions of alkelies and salts, and the najority of solvents and
gases.  However, it deteriorates in oxidizers, arometic end chlorinsted hydro-
carbons, and certain other media.

Viniplast is eesily machinable under conditions where the cutting speed
does not axceed 700 m/min and when effective elimination of heat is provided.
Upon unifora heating from 30 to 180° C, vininlas®t becomes soft nnd plastic.
This permits the fabrication of viniplast productg by prescing, stamping, and
molding.

The welding of viniplast is based on its property to become soft with no
’ modification of chenjcal stability when heated for & short period. Wire from 2
v to 8 mm in diameter, made out of viniplast, is used for velding rods. Types of
> joints in welding viniplast are similar to those obtainable in velding metals.
S Viniplast articles mway be Jjoined also by means of gpecial glues.

Viniplast is used for the fabrication of various equipment and “ittings,
such as containers of various sizes and intricate shapes, centrifugal nUES,
valves, pipe elbows, and tees, condensers, injectors, ventilesion nipes, ehe.

Pipelines nade out of viniplast mcy be used under bressure up to 5 b, Avusorac

viniplast pipelines have been in ereration for o nuber of years; sheving good
results.

In addition, viniplast 1y be used as a lining material for the - 4e.bion
of egquipment sgeinst ective and corrosive substances. Vininlast Ciln 5-1.7

mm thick is used for lining, being glued to the metal surface ta be
Where & Shicker lining -- up to 3 mm -- ig used, viniplast is sthache
walls with bolts.

Large rectangular conteiners are msde out of viniplast plates, 2t 1= “i
5-10 mm thick, which are welded together. All joints must be covered glued- o1
viniplast foil or trested with paste mede on & base of phenol-formalils ; vegin,
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causes creep of vini
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ure.
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For elimination of these
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